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Introduction

Our grant seeks solutions to two related problems in breast tumor surgery and imaging:
(1) provide the ability to mark nonpalpable and non-radiopaque lesions to guide surgery and
prove their resection on specimen radiography. (2) Mark and localize the sentinel node. We
aimed to accomplish these two goals using perfluorocarbon (PFC) emulsions.

Because it was known that PFC emulsions, that can be radiopaque, remain at the injection
site for several days and because it was also known that these PFC emulsions are removed by the
local lymphatic circulation and accumulate in macrophages in the draining nodes [1], we aimed
to optimize these emulsions and to color them to achieve the 2 goals outline above. In the first
year of this award we demonstrated the feasibility of marking tumors with the radiopaque PFC
emulsion in a rabbit model. In the second year we refined our technique of marking tumors by
tailoring the injection dose to the size of the tumor and site of injection using ultrasound
guidance. This allowed us to limit the amount of contrast extravasation as well as optimize the
enhancement of the tumor site. Subsequently, we attempted to color the PFC emulsion and tested
whether fluorescent labeling was feasible. Neither approach was optimal. We chose to add India
Ink to the emulsion to create a black suspension. The black radiopaque agent was then tested to
determine its ability to mark non-radiopaque tumors to guide the dissection to the tumor and to
assess that the region marked was actually removed on specimen radiography.

Body of Progress Report
In our last progress report we discussed our results to hypothesis #1: When a radiopaque

perfluorocarbon (PFC) emulsion is injected in the lesion it will mark the lesion for days and will
allow the confirmation that the marked lesion is contained in the resected specimen on ex vivo
radiography.

We were successful at marking the lesions; however, refinement of our technique to
minimize extravasation and to limit the agent to the tumor was needed. Since then, we have
reported our progress in both an abstract as well as poster presentation at the Department of
Defense: Era of Hope Meeting, June 8-12th, 2000 "Marking Mammographically Invisible
Tumors for Surgical Guidance and Proof of Resection by Ex-vivo Radiography" (see Appendix).

Our secondary goal in tumor marking was to color the radiopaque PFC emulsion to
provide a tract that the surgeon can follow to the lesion and recognize the lesion when the
injection site is reached. We attempted incorporating lipid-based dyes in the PFC, but were
unsuccessful as the PFC was not only hydrophobic but also sufficiently lipophobic to accept the
dye. Based on calculations of the egg-yolk phospholipid concentration in the emulsion, we
concluded that there would be limited fluorescent label that could be incorporated in the
emulsifier to allow sufficient signal to be visualized with the naked eye. We elected to follow a
different approach. We suspended India Ink in the emulsion at a dose of 0.1ml/ml of emulsion.
The experiment was repeated and the results also reported in the poster included in the appendix.

The second major aim of the award is to help localize the sentinel lymph node by
improving upon the water-soluble dye. The major weakness of the water-soluble dye is its rapid
and unpredictable transit through the lymphatic system following subcutaneous injection. The
goal was to produce a visible particulate emulsion. We began experimenting with a non-
radiopaque PFC emulsion. Although the emulsion was removed by the lymph vessels, we
abandoned this approach following several experiments. The reason for abandoning the PFC

4 of 10



emulsion approach was due to the difficulty we experienced in coloring the radiopaque PFC
emulsion. Although we suggested in our proposal that we will use fluorescent labels to provide
visual guidance, we sought a solution that would allow direct visualization of the dye under
ambient light. Since the goal is to provide visual guidance to the sentinel node, we investigated
non-PFC emulsion approaches and have identified an experimental formulation that could serve
this function. The agent we identified is a lipid emulsion in which a lipophilic dye has been
dissolved. During the final year we should finish comparing its pharmacokinetics to that of the
water-soluble dye. Because it is a particulate agent and particulate agents accumulate in
macrophages located in lymph nodes, it is possible that this agent will preferentially accumulate
in the first draining node, which is the sentinel node of the injection site.

Key Research Accomplishments
=> We are able to use ultrasound guidance to inject contrast and mark the implanted tumor and

confirm the area of injection with X-ray and CT Scan.
=, We are able to fill the draining node (sentinel node) with radiopaque contrast and image the

node by CT.
=, We are able to quantify contrast washout from the tumor, degree of leakage, and lymphatic

accumulation using region of interest analysis of CT images.
=:. We showed by CT that the radiopaque agent was still visible within the tumor by 72 hours

after injection.
SWe have determined the variables that promoted extravasation and are able to avoid

extravasation.
= We were successful in suspending India Ink, a black marker, in the radiopaque emulsion and

showed that we can mark the lesion for several days in-vivo and upon resection, visualize the
dye within the tumor.

SWe have investigated several approaches for sentinel node visualization. We have identified
a likely approach to accomplish this goal. We are investigating this during the last year of the
award.

Reportable Outcomes
A manuscript is being prepared to report the findings described in the poster which is

attached to this report as an appendix.

Conclusions
The results of our project indicate that we are able to mark a tumor under ultrasound

guidance with a black dye that is also radiopaque for at least 72 hours. The dye marks the tract to
guide tumor resection and marks the tumor for specimen radiography. We have identified a
likely agent that can be used in a similar way as the water-soluble dye, but has more favorable
pharmacokinetics. We believe that the ultimate goal of our research will eventually yield pre-
operative localization and recognition of the sentinel node and allow its resection as an office
procedure under local anesthesia.

References:
1. Wolf GL, Rogowska J, Hanna GK, Halpem EF. Percutaneous CT lymphography with

perflubron: imaging efficacy in rabbits and monkeys. Radiology 1994;191:501-5
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Appendix

MARKING MAMMOGRAPHICALLY INVISIBLE TUMORS FOR SURGICAL
GUIDANCE AND PROOF OF RESECTION BY EX-VIVO RADIOGRAPHY

S. P. Pinnell, M.D., Y. Kono M.D., L. Diranieh,
and R. F. Mattrey, M.D.

Department of Radiology
University of California, San Diego

Purpose: The confirmation that lesions seen on mammography have been removed is possible
with specimen radiography. This option is not possible when tumors are detected by alternate
techniques. We identified a radiopaque perfluorocarbon (PFC) emulsion that was successfully
tested in a phase I study for indirect lymphography were it was shown that the agent remained at
the injection site for several days [1]. Our primary goal was to determine that this agent when
injected in the tumor would remain at the injection site to mark the lesion for specimen
radiography. There were 3 secondary aims. The first was to determine if coloring the PFC
emulsion would allow surgical guidance to the lesion in order to decrease the inconvenience of
needle localization and allow pre-operative localization days before surgery. The second was to
determine the maximum volume of the agent that could be injected in the tumor without
contaminating the surrounding tissues. The third was to determine if the radiopaque PFC
particles would reach the draining lymph nodes to allow the potential of identifying the location
of the sentinel node for pre-operative sentinel node localization.
Methods/Materials: Vx2 tumor was implanted in one calf of 12 rabbits and both calves in 6
rabbits and allowed to grow for 14 to 22 days. The 12 rabbits with single tumors were used to
define the maximum volume that could be injected into the tumor without causing extravasation.
To accomplish this, we calculated tumor volume at the time of injection as (4/3) x (Pi) x (A/2) x
(B/2) x (C/2); where A, B, and C are the 3 orthogonal diameters of the tumor as measured by
ultrasound. Using ultrasound guidance, a needle was inserted into the tumor center and serial
radiographs were obtained following the injection of 0.lml increments of the PFC emulsion
(AF1053, Alliance Pharmaceutical Corp. La Jolla, CA). The volume of the agent at which
extravasation occurred was recorded. The linear correlation relating extravasation volume and
tumor volume was calculated.

For the remaining six rabbits with itumor in each calf, 0.1 ml of India ink was added to
1 ml of PFC emulsion and 90% of the extravasation volume was injected into one of the two
tumors based on the equation defined above. The tumor in the other leg served as control. The
tumor, popliteal fossa, and periaortic regions were imaged at 1, 24, 48, and 72 hours with x-ray
and ultrasound. At 72 hours, the rabbits were imaged with CT immediately post sacrifice using
3mm slice thickness serially from the tumor to mid retroperitoneum. Immediately following CT,
the leg was photographed and the tumor was resected, its size was measured, and the location of
the emulsion assessed. The resected leg and the tumor were then radiographed.
Results: The radiopaque PFC emulsion was clearly seen on radiographs (Fig. 1). The linear
correlation between tumor volume and the volume of PFC that just caused extravasation was
0.13 x tumor volume (cm3) + 0.49 (r=0.77) (Fig. 2). In 5 of the 6 rabbits injected with the
optimal dose, minimal to no extravasation occurred immediately after injection. The single tumor
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where extravasation occurred was small in size making needle placement difficult. Although the
radiopacity of the tumor diminished slightly it was still visible at 72 hours (Fig. 3). The India ink
colored PFC was identified in all lesions at 72 hours (Fig. 4) which aided in tumor localization
and excision at necropsy. Specimen radiographs taken following tumor resection showed
absence of radiopaque material in the leg and the presence of the radiopaque material in tumor
confirming the resection of the marked tumor (Fig 3).

The ipsilateral popliteal node enhanced on CT in 5 of the 6 rabbits by 37.8 ± 17.6 HU
relative to the control leg (p<0.05) allowing their easy detection (Fig. 5). This demonstrates that
particulates injected in the tumor with minimal or no extravasation can accumulate in the
draining nodes. However, in 2 of the 6 rabbits which displayed local popliteal lymph node
enhancement, the retroperitoneal lymph nodes enhanced by 96 and 97 HU (Fig. 6) indicating that
the agent is not limited to the first draining lymph node. Because PFC emulsions are also visible
on ultrasound [2], sonographic enhancement of the popliteal nodes was also observed (Fig. 7).

Conclusion: This study showed that the radiopaque PFC emulsion can be colored using India
ink. The colored radiopaque emulsion remained at the injection site for at least 72 hours and the
addition of India ink aided as a guide to the tumor during resection. It was possible to inject an
optimal dose of the agent in this tumor model that did not contaminate the tissues surrounding
the tumor. Although the radiopacity in the lesion decreased slightly over 3 days, the agent was
still visible at the time of necropsy. Despite a central tumor injection, the particulate contrast
agent accumulated in the first node draining the tumor in five of six rabbits and in downstream
nodes in 2 of 6 rabbits. Since the agent also has sonograhic properties, ultrasound was used to
detect local lymph node drainage which may provide pre-operative sentinel lymph node
localization in the future.

References:
1. Wolf GL, Rogowska J, Hanna GK, Halpern EF. Percutaneous CT lymphography with

perflubron: imaging efficacy in rabbits and monkeys. Radiology 1994; 191:501-5
2. Wrigley RW, Saunders HB, Lim G, Arellano RA, Mattrey RF: Indirect Ultrasonographic

Lymphography with Perflubron Emulsion. RSNA Chicago, Radiology 1993; 189:285.

7 of 10



This page contains unpublished data.

Figure 1: Serial radiographs of the calf following the injection 0.1, 0.3, 0.5,
0.7, 0.9, and 1.1 ml of AF1053 into the tumor. Note that extravasation (arrow)
occurred after 0.9 ml and became more apparent after 1.1 ml.

Optimal Dose vs. Tumor Volume

4.00'
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Figure 2: Scatter plot displaying the correlation of emulsion volume that
caused extravasation.
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Figure 3: Specimen radiograph of the leg and
tumor (arrow). Note that the tumor is radiopaque
and the tumor site on the leg (arrowhead) has no
radiopaque material.

Figure 4: Photograph of leg and resected tumor
shown in Figure 3. Note the black dye in the tumor
at the time of resection.

Figure 5: CT of the popliteal region demonstrating
enhancement of a portion of the ipsilateral node
(arrow).
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Figure 6: CT of the retroperitoneum demonstrates
enhancement of an ipsilateral iliac node (arrow).

Figure 7: Ultrasound scan of a popliteal node obtained before (a) and 24 hours (b) following the
injection of PFC emulsion in the tumor. Note the enhancement of the center of the node (arrow)
leaving the marginal sinus unenhanced (arrowheads). This was shown to be due to the
accumulation of the agent in lymph node macrophages.

(a) (b)
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